We elucidated clinicopathological characteristics of chondroblastoma (CB) in Japan, and reliable clinicopathologic parameters predicting local recurrence and/or metastasis. Clinicopathological profiles of 103 CB (80 male, 23 female) in extra-craniofacial bones were retrieved. Numerical scoring of nine pathological and five radiological features was statistically analyzed to determine prognostic significance. Age ranged 8-61 years (average 19.6 years). Frequently involved sites were femur, tibia, calcaneus, patella and humerus. Radiologically, tumors were 2-80 mm (average 31.1 mm) in size. Marginal sclerosis and calcification were common. Histologically, pink cartilage, mitoses, and chicken-wire calcification were often seen. Within a follow-up period [2-260 months (average 53.5 months)], the local recurrence rate was 15.5%. No patient had metastasis. Recurrence was most frequently observed at the femur. By log-rank analysis, only cyst formation in images was significant for predicting recurrence free survival (RFS). By Cox hazard analysis with representative clinico-radiological and pathological features, only age (!16 years) and cyst formation were significant predictors for RFS. Pathological features were not significant in both uni-and multivariate analyses.
1
CB usually affects the epiphyses of long bones, in young patients. [2] [3] [4] [5] [6] [7] [8] [9] Histologically, CB usually features diffuse proliferation of mononuclear round cells, often with cleaved nuclei, and pink "immature" cartilage islands. Chicken-wire calcification is occasionally observed. Some CB shows cellular atypia and/or mitotic figures. Local recurrence is reported in 4.8 to 38% [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] and pulmonary metastasis can occur in 2.9% 6 usually after local recurrence. 7, 9 In the latest World Health Organization (WHO) blue book, 12 CB is categorized as a locally aggressive, but rarely metastasizing (<2%) intermediate tumor.
Several studies document clinicopathological features that are predictive for local recurrence and/or pulmonary metastasis, 2, 3, [5] [6] [7] [9] [10] [11] but no reliable parameters have been found. Prognostic clinicopathological characteristics of CB in Japan, including recurrent/metastatic rates are also unclear.
In this study, we describe clinicopathological characteristics of CB and statistically analyze clinicopathological features of CB, by using a numerical scoring system, in order to elucidate predictive features for the local recurrence and/or metastasis.
This study was conducted with the approval of the institutional review board for ethics of each institution.
MATERIALS AND METHODS
Clinicopathological profiles of 103 cases of CB, affecting extra-craniofacial bones were retrieved within the Kansai Musculoskeletal Oncology Group, Japan. Patients' first visit was between August, 1991 and April, 2015. Preoperative radiological images and/or pathological slides obtained at the surgery, as well as at the biopsy were reviewed. For each case, nine pathological and six radiological features (Table 1) were evaluated by numerical scoring. Three investigators (EK MM and YN) scored the pathological slides, and the radiological images extracted from the medical charts. These numerical scores and clinical profiles, such as gender, age, tumor location, therapeutic method, were analyzed statistically in terms of prognostic significance (Table 1) . Statistical analyses were performed with SPSS Statistics 22 (IBM, Armonk, NY, USA), in order to elucidate predictive features for the local recurrence and/or metastasis. Log-rank test, Welch's test and Cox hazard analysis were used. Significant level was set at 0.05 (two sided).
Results

Epidemiologic characteristics
Of 103 Japanese patients, 80 were male and 23 were female (Male:Female ¼ 3.48:1) (Fig. 1 ) . Age of the patients at their first presentation to the hospitals ranged from 8-61 years (average 19.6 years, median 18 years). Frequently affected sites were femur (45 cases, 43.7%), tibia (15 cases, 14.6%), calcaneus (13 cases, 12.6%), patella and humerus (10 cases each, 9.7%), pelvis (4 cases, 3.9%), and talus (3 cases, 3%). One each involved fibula, cuboidal and metatarsal bones. Long bones were often affected (71 cases, 68.9%). In this series, CB was not found in vertebrae, upper limb girdle, rib, sternum, and small bones of hands (Fig. 1) . The chief complaint at the first presentation was pain (94.4%), swelling (5.6%), discomfort (1.4%) and limitation of movement (1.4%).
Radiological features
Radiological images [plain radiographs, computed tomography (CT), and/or magnetic resonance imaging (MRI)] were available for review in 94 cases. The tumors measured 2-80 mm in size (average 31.1 mm, median 28.0 mm). Marginal sclerosis (96.5%) and calcification (64.4%) were frequently present. Cyst formation, cortical defect and fracture occurred in 57.1%, 34.1%, and 21.8%, respectively. (Table 1 , Fig. 2 ). 
Pathological features
Histological material was available for review in 93 cases. Pathological slides showed immature pink cartilage (91.4%), mitotic figures (44.1%), and chicken-wire calcification (32.3%). Mitotic figure was observed in 40 cases (43.0%), ranging 1 to 10/10 high power fields (HPF) (average 2.15/10HPF, median 1.5/10HPF). No atypical mitosis was noted. Cellular atypia was evaluated by nuclear size and irregularity of contour of nucleus. Marked cellular atypia was not found, but mild and moderate cellular atypia was present in 82.8%. Focal necrosis was not uncommon (57.0%), although extensive necrosis was not found. Vascular invasion was noted in only one case (1.1%). Epithelioid cells were often encountered (71.1%). Secondary aneurysmal bone cyst formation (including microcystic degeneration with hemorrhage) was usually noted (82.8%) by microscopic review (Table 1, Fig. 3 ).
Therapy and prognosis
Curettage was usually selected for the initial surgery (94 cases, 91.2%). Resection was performed in four cases (3.9%), and radiofrequency ablation was used in one case (0.97%). The follow-up period ranged 2-260 months (average 53.5 months, median 18 months). Local recurrence developed in 16 cases (15.5%), with time to recurrence since the initial surgery ranging 4-53 months (average 20.2 months, median 16 months). Two patients were excluded from the following statistical analyses because persistent In order to perform log-rank tests on recurrence free survival curves, made by the Kaplan-Meier method, a binary cut-off value for each radiological and clinicopathological finding was determined (Table 1) . In preliminarily performed log-rank test, no significant feature was found by using whole categories (i.e., mild, moderate, etc.) of each finding. To set the binary cut-off value, we tried a lot of combinations in each finding previously (data not shown), referring to the descriptive statistics and the results of logrank tests. For example, the cut-off size value was set at 40 mm because 80.0% of the cases were less than 40 mm in size (85 cases, 12-80 mm, mean:31.25, median 28.0) as well as relatively good P-value was noted (Table 1) . Cut-off value of mitotic count was set at 2/10HPF, because 77.7% of the cases were less than 2/10HPF (94 cases, 0-10/ 10HPF, mean:0.96, median 0.00) and P-value was relatively good (Table 1) . We also referred to the previous report to determine a binary cut-off value for age (101 cases, 8-61 years, mean19.55, median 18.00). The report set the value at 14 years of age. 9 Our cut-off value was set at 16 years of age after several trials with a cut-off value between 12 and 18 years of age ( Table 1) . As a result, we could not find any significant features (P < 0.05) except cyst formation (P ¼ 0.024). Patient's age (<16 years vs !16 years) and chicken-wire calcification showed only a weakly predictive tendency for recurrence (P < 0.10). The CB of patients less than 16 years of age more frequently affected long bones (long bones: non-long bones ¼ 28 cases: 5 cases; 5.60 times) than that of patients 16 years or older (long bones: non-long bones ¼ 41 cases:27 cases; 1.52 times) (chi-square test, P ¼ 0.013). Interestingly, in the patients 16 years or older, local recurrence free curves by the Kaplan-Meier method for CB in non-long bones showed better prognosis than that for CB in long bones (Fig. 4) . However, log-rank tests failed to show significant differences. In younger patients (<16 years), CB in long bones had a better prognosis than CB in non-long bones (Fig. 4) . Once again, log-rank tests failed to show significant differences. In non-long bones, CB of older patients had a significantly better prognosis than CB of younger patients (Fig. 4 , log-rank test, P ¼ 0.018). However, in long bones, local recurrence free curves for both age groups were not significantly different (log-rank test, P ¼ 0.498).
B. Multivariate analysis (Cox hazard analysis)
We performed Cox hazard analysis on data that were set for analysis by binarization (Table 1) , using forced entry method in SPSS ( Table 2) . The model included basic clinical information (age, sex), although P-value in log-rank test was higher than 0.05. Additionally, radiological and/or histologic features which showed relatively lower P-values (<0.20) were included. Both radiological data (cyst formation) and histologic features (presence of chicken-wire calcification, epithelioid cells, and mitosis) were added to the basic clinical information (age, sex) ( In this study, epidemiologic characteristics of CB in Japan differ in some aspects from prior series. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] For example, the male/female ratio, 3.48 in our study, was slightly higher than ratios less than 2.5 documented in previous reports. 2-11 A 2.7 male/female ratio for CB in Chinese patients is also slightly higher. 8 CB occurring in patients older than age 40 years is observed as 0-13%, [1] [2] [3] [4] [5] [6] [7] [8] [9] but only one such case, 0.97%, was present in our study. The Chinese report also records no patient older than 40 years of age. 8 CB affected long bones more frequently than nonlong bones (71:32, ratio 2.22). Previous reports state ratios from 1.9 to 7.3. 1-10 CB involved the femur most often, 23 cases in our study. The most frequent sites in other studies are humerus, [3] [4] [5] 9 proximal tibia, [6] [7] [8] 11 proximal femur, 2, 10 and distal femur. 3 Our study matches the finding, reported previously by Bloem et al., 4 that CB in elderly patients affects non-long bones more often than observed in younger persons (P ¼ 0.013). Pain, as the primary symptom at initial presentation (94.4%), corresponded with previous reports (73.4-98.1%). [4] [5] [6] [8] [9] [10] Radiological characteristics (marginal sclerosis, cortical defect, fracture) were similar to previous studies. [2] [3] [4] [5] [6] 8, 10, 13 We observed calcification (64.4%) more often than found in previous studies (about 30%). 5, 6, 8, 10 Only one prior paper, a magnetic resonance image (MRI) study, reports calcification in over 90% of the CB cases. 13 Histological features (pink immature cartilage, chicken-wire calcification, mitosis) were present as in previous studies. 2, 3, 6, 10 However we observed that CB may show cellular atypia of mild to moderate degree (82.8%) and ischemic necrosis (57%). Also, hemorrhagic microcystic degeneration gave an appearance suggestive of secondary aneurysmal bone cyst (ABC) formation (82.8%). Figure 4 Local recurrence free survival curves of four groups defined by age (<16 years vs !16 years) and bone location (long vs non-long) (Kaplan-Myer method). Ã P ¼ 0.018 (<0.05) between two groups by log-rank test. reported the proximal humerus as a significant location for LRR. 8 Huvos et al. alluded to aneurysmal bone cyst formation as a predictive feature for unfavorable outcome. 3 We performed univariate analysis (log-rank test) initially, using clinical features (age, sex, therapeutic method, bone type) in order to determine predictive factors for LRR. The analytic results were not clinically significant. Next, we performed univariate analysis using radiological features (tumor size, marginal sclerosis, cyst formation, calcification, fracture, cortical defect). Only cyst formation was significant, and it predicted better prognoses. We did not uncover significant predictors among eight histological features (pink cartilage, chicken-wire calcification, epithelioid cellular atypia, myxoid matrix, mitoses, ischemic necrosis, ABC formation).
The model we employed for multivariate analysis included age and sex as basic clinical information. In addition, cyst formation in radiological findings and three pathological findings (chicken-wire calcification, mitotic count, epithelioid cells) were included (Table 2 ). Significant factors for prognosis are only age (!16 years) and cyst formation, and both favor good prognosis. No statistically significant histological features were found, in conformation with previous reports. 6, 10 Cyst formation is generally due to degeneration/necrosis, so cytoreduction might cause better outcomes.
We noted in the univariate analysis, LRR in long bones did not differ between younger age patients (<16 years) and older patients (!16 years). However, in non-long bones, younger age predicts local recurrence significantly. When with both type of bone, younger age predicts local recurrence significantly, a result confirmed by multivariate analysis. Such higher LRR for CB in non-long bones of younger patients when compared against that in older patients explains the significant prediction for local recurrence of younger age in multivariate analysis with whole bones.
Epiphyseal closure of long bones that frequently involve CB occurs in males around 16 years but is not yet complete. 14, 15 If an incomplete excision occurs near the growth plate, especially in long bones, higher rates of local recurrence in the younger age group can be predicted. In Japanese people, the skeletal maturation score by TW2 analysis 16 reaches the level of adult at 16.1 years in males and 14.7 years in females. 17 The difference in LRR between the two age groups might be caused by the differences of skeletal maturation. But the true reason is still unclear. Successful conservative treatment of CB is a formidable task, because of the need to balance resecting an "intermediate" tumor while preserving epiphyseal vitality. Previous studies report metastatic CB in up to 2.9% of cases, 6 and metastasis can occur following local recurrence. 6, 7, 9, 11 We emphasize that CB involving extracraniofacial bones has a likely potential to recur (15.5%). In addition, metastasis is exceptionally rare in Japan, but the rather short follow-up period in this series comparing to the previous series 3,5-8,10,11 might affect the result. Still, careful follow-up for lung metastasis is recommended. Patients under 16 years old and with absence of cyst formation should be recognized as having significant predictive features for local recurrence.
